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Fast Sync-Byte Search Scheme for Packet Framing 
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Technical Field 

This invention relates to the field of computer communications, and in particular, to the area 
of detecting the start of a packet within a bitstream. 

Backeround of the Invention 

5 Packets in a bitstream are often delineated by the appearance therein of a particular data 
value, e.g., a particular 8 bit wide (byte or octet) data pattern, which may be termed the 
"synchronization pattern". When explicit framing signals are not received along with the 
bitstream, the equipment receiving the bitstream can use the synchronization pattern to 
identify the start of a packet. Doing so, however, is complicated when the particular data 

10 value employed as the synchronization pattern can appear elsewhere within the bits that make 
up the rest of a packet. Such an appearance may occur a) when the value of the 
synchronization pattern is not reserved solely for identifying the/start of a packet, b) when 
the bitstream does not have any predefined bit groups e'gV, byte alignment; or c) when errors 
occur in the -bitstream. The synchronization process is further complicated by the possibility 

15 of the pattern not being received, for example when noise corrupts the signal when the . 
synchronization pattern is being sent. .'. 

The "Motion Pictures Expert Group r 2" (MPEG-2) international standard, ISO/IEC 13818- 
1, is an implementation of such a synchronization scheme. Each MPEG-2 transport bitstream 
packet has a length of 188 bytes, the first of which is the sync-byte, which contains the sync- 
20 pattern. The data value used for the sync-pattern is 0x47. Thus, a sync-byte, with value of 
0x47, should appear in the bitstream every 188 bytes. The sync-pattern value, 0x47, is not 
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reserved exclusively fbf the"kync-byte, ! and other bytes within the bitstream may contain this 
value as well. ' 1 ^ • # 

According to one prior art technique, each 8 bit pattern of an MPEG-2 bitstream is tested to 
determine if it is a sync-byte/ When % a 'tested group of eight bits matches the sync-pattern, 

5 the next 187 eight bit groups are counted as they pass, but they are not tested. Then, the 
189th byte is tested to determine* if it is also contains the sync-pattern. If so, it is determined 
that the preceding 188 bytes, i.e., the first found sync-pattern and the counted 187 eight bit 
groups, were likely to have been a packet. The process is then repeated several (N) times to 
minimize the chance that the detection of sync-patterns spaced apart by the length of one 

10 packet is the result of chance; i.e^ that bytes containing the syhc-pattern randomly appeared 
in the bitstream at the correct packet length interval, but were not the~ actual packet r 
delineating sync-bytes. If ever the 189th 8 bit pattern does not conform to the sync-pattern, 
the process is restarted. ; 
The appearance in the bitstream of the sync-pattern at a position other than the position of 

15 the sync byte is referred to as "sync-byte emulation". In a typical system, the* threshold 

number of sequential occurrences of the sync-pattern at each packet interval, N, may range 

from 10 to 100, depending upon the likelihood of sync byte emulation, and the degree of 

confidence required that the correct determination has been made. The likelihood of sync 

byte emulation is a fuhctibri of the value chosen as the sync pattern. In formulating a format 

* 

20 for a communication system, if the data content has a predictable frequency of occurrence 
distribution, the least likely to occur data pattern is chosen as the synchronization pattern. In 
a worst case scenario, wherein the data content is random and uniformly distributed, any 
pattern may be selected and the likelihood of the synchronization pattern appearing in a data 
byte would be one out of the total number r bf possible data patterns. In such a scenario, the 

25 likelihood of N sequential occurrences of sync-byte emulation, i.e. the likelihood of 

erroneously declaring that synchronization has been achieved, is one out of the total number 
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of possible data patterns raised to the Nth power.: A relatively small value ot.N^can result in 
a very high degree of confidence in the result. Even with a small N, however, the. prior art 
technique cannot be guaranteed to achieve synchronization in.a finite period of time. 
In applications where there is sync-byte emulation,_ the.prior art, technique may be slow to 

5 determine that a packet has been received.: And, in the presence., of noise, or. other factors 
which cause the true sync-byte to contain a value other than the. sync-pattern,, the process is 
resurted, further delaying the establishment of synchronization. During this period of 
synchronization to determine the true start of a packet, the data within the packets are lost. . 
This loss of time, and data, is incurred each time the system undergoes the synchronization 

10 process: during the initial establishment of communication, and after each loss of 
synchronization caused by noise or other sources of errors. . 

Summary of the Invention 

In accordance with the principles, of the invention, packets are. delineated by a) developing a 
15 histogram representing the occurrence of. the synchronization, pattern .at each possible location 
within>a packet length, and b) .determining, that the true start of the packet is to be found..at 
the location with the greatest number of occurrences, of, the, sync pattern,, as indicated by the 

histogram. . v .. - <..■:•».• ■••.,-:-]••.. vv. ■'. . .. 

In an exemplary embodiment of the invention, .a "match" tabje is 1 used, which, has one entry 

20 for each possible starting location for the packet. Each, possible starting location corresponds 
to a unit- of data which can .be compared; to the synchronization pattern.; That is, the size of 
the match table will be equal to the number, of "compare units" per packet.. The entries of the 
match table are initially set to zero. The table; is addressed by a modulo counter having a 
modulus equal to the size of the match table,. -The modulo counter, is incremented each time 

25 a new compare unit is received. . : v. 

Each time a compare unit is received which matches the synchronization pattern, the 
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corresponding entry of the match table, as addressed by the modulo counter, is incremented. 
If the ' compare^timt doesn't rhatch the synchronization pattern, any one of several strategies 
may be undertaken; for example, the entry of the match table addressed by the modulo 
counter may be reset to zero," it thay be' left as is, or it may be decremented. 
5 The packet delineation process is completed when the value of one of the entries of the 
match table is large enough to conclude that it is the true location of the start of packet. In 
the exemplary embodiment, this conclusion is reached when the entry is equal to N, the 
threshold value chosen to minimize the possibility of N occurrences of the synchronization 
pattern at a location other than the true sync-byte location before N occurrences of the 
10 synchronization pattern at the true sync byte location. 

Advantageously, through the use of this invention, the synchronization time can be made to 
be no more than N packet intervals. As will be shown, alternative algorithms can be 
employed in accordance with this invention which have the possibility of achieving 
synchronization in less than N packet intervals. Also,' since the process accumulates 
15 information about all possible 'starting' locations simultaneously with each occurrence of a 
packet, it can be employed whenever loss of synchronization is suspected, thereby saving 
time once the determination is made that'resynchronization is required. 

20 Brief Description of the Drawing 

In the drawing: :a 

FIG. 1 shows a sync-byte framed bitstream, and a sync-byte framed bitstream with sync-byte 
emulation and erroneous sync-bytes 1 . : : 

FIG. 2 shows a state diagram and timing diagram for the traditional method of delineating 
25 the true sync-byte start of each packet. — ; 

FIG. 3 shows a block diagram of the traditional method of delineating the true sync-byte 
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start of each packet. * . ; .; . . 

FIG. 4 shows a block diagram of the method of delineating ttxp ^nap ,sync-byte start of each 
packet in accordance with this invention. , * . - . ; - . * 

FIG. 5 shows a time sequence demonstrating the processing of a bitstream. in accordance 
5 with this invention. ; ■ . * - 

FIG. 6 shows a time sequence demonstrating an alternative algorithm for processing f . 

erroneous sync-bytes. . - - 

FIG. 7 shows a state diagram of the preferred embodiment of this invention for a 
communications system. , 
10 FIG. 8 shows a flow chart of the preferred embodiment of this invention for a 
communications system. . • .< 

Detailed Description < , t 

A packet framing method in accordance to this invention may be employed in system 
15 wherein the compare unit is a byte. The use of this packet framing method in such a system 
is described by way of example, for ease of understanding.-.. . 

FIG. la shows an exemplary sync-byte framed bitstream. The bitstream is delineated by , \ 
bytes 100. A fixed number of bytes forms a packet 101. In this example, a packet 101 
contains six bytes, the first of which 102 is a sync-byte. The bytes in each packet are 

20 referred to and indexed by the order in which they appear, in time,, in the, packet, starting at 
0. Byte-0 is the first byte, byte-1 is the second byte, and so on. FIG la shows tlie byte 
index 103 for each byte in .the bitstream. As > shown in FIG, la, eactybyte-0 in this exemplary 
bitstream is a sync-byte; all other bytes in the bitstream are data-bytes 104. . 
The sync-byte contains a specified pattern of bits, germed a sync-pattern v When a, data-byte. 

25 contains the same bit pattern as the sync-pattern, the data-byte is said to be emulating the 
sync-byte. Such emulation can occur if the sync-pattern is not reserved for exclusive use as 
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a sync-byfe; or irari error bcctifs in the data-byte. FIG. lb shows the occurrence of sync- 
byte emulation '105 ih'the ' Ditstrearn.' Errors can occur which cause the sync-byte to contain a 
pattern other than the sync-pattern. FIG. lb also shows the occurrence of an erroneous sync- 
byte 106 in the bitstream. 
5 In the absence of another means for determining the' start of each packet, the receiving 
equipment must determine the start by locating the sync-byte. Reliably locating the sync- 
byte from amongst all the bytes in the bitstream can be a time consuming process, when 
confronted with sync-byte emulation, and erroneous sync-bytes. FIG. 2 shows a traditional 
method for discriminating the sync-byte from among the sync-byte emulations. The initial 
10 state of the system is termed the "unlock" state, and is shown in FIG. 2a as SO 201. Upon 
receipt of a byte which contains the sync-pattern, the system enters the synchronizing state, 
SI 202. If this byte is truly the sync-byte, the next sync-byte will be located one packet 
length away; in this example at the byte which is six bytes later in time. The system 
proceeds to determine if the syric'-pattern is found at the byte location which is one packet 
15 length away from the- previously found sync-pattern. If the sync-pattern is not found at that 
byte location, the system returns to the SO state 201. If the sync-pattern is found, a count of 
the number of times the system ' has found the sync-pattern without leaving the SI state is 
incremented! If 'this' count is' less than -some specified number, N, the .system remains in the 
SI state. If this count is equal 1 to' N, the system proceeds to the lock state, S2 203. ■ .■ • > 
20 FIG. 2b shows the operation of the system when the bitstream contains sync bytes 102, sync- 
byte emulations 105, and erroneous sync-by tes : 106. The resultant states, SO 201, SI 202, S2 
203, are shown diagrammatically as the system proceeds to process the bitstream to find the 
sync-byte. . . 

FIG. 3 shows a block diagram' for the traditional method, in the more general case. An 
25 Input Stream 301 is received by a Data Register 308. The Data Register 308 forms the input 
into a Data Unit 305, as delineated by the Input Clock 302. The Data Unit 305, or a subset 
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of the Data .Unit -305, forms the Compare Unit 305a. Each Compare Unit. 305a is compared 
to the Sync-Pattern 303 .by- a Comparator 307. A Sync-Pattern : Detected signal 304 is 
produced by the Comparator. 307 to signal a match. , - ■ r , .. 

On initialization, the Processor 310 resets the Compare Unit Modulo K Counter 309 and the 

5 Match Counter 311 and deasserts the Locked signal 312 and the Start of Packet signal 322. 
The Compare Unit Modulo K Counter is a modulo counter whose modulus, K, is equal to 
the number of compare units per packet. The Processor 310 continues to assert the Counter 
Reset signal 313 until receipt of a Sync-Pattern Detected signal 304, at which time the 
Compare Unit Modulo K Counter 309 will count the number of Compare Units subsequently 

10 received, as delineated by the Compare Clock 306. 

Each Compare Unit 305a isrcompared to the Sync-Pattern 303 by the Comparator 307, 
which asserts a Sync-Pattern Detected signal 304 whenever the .Compare Unit matches the 
SyncrPattern, but the Processor 310 takes no action on this signal until the Next Packet 
signal 316 is received from the Compare Unit Modulo IC Counter, 309. The Compare Unit 

15 Modulo K Counter 309 asserts the Next Packet signal 316 upon receipt of K occurrences of 
the Compare Clock 306. - , •; 

If, upon receipt of the Next. Packet signal 316, the Sync-Pattern Detector signal 304 is not 
asserted, the Processor 310 resets the Compare Unit Modulp K Counter 309 and the Match 
Counter 311. The Processor 3 10. continues .to assert the Counter Reset 313 until the 
20 Comparator 307 next asserts the -Sync-Pattern. Detected signal 304. Upon receipt of the 

asserted Sync-Pattern Detected signal 304, the Processor 310 desserts the Counter Reset 313 
and waits until the Compare Unit Modulo K Counter 309 reasserts the Next Packet signal 
316, and then proceeds as described above. 

If, upon receipt of the Next Packet signal 316, the. Sync-Pattern Detected signal 304 is 
25 asserted, the Processor 310 increments the Match Count 315 contained in the Match Counter 
311. If the Match Count 315 is not equal to the specified required count N 308, the 
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Process6r-3l6 waits until ; ffie*"Compkre Unit Modulo K Counter 309 reasserts the Next: Packet 
signal 316, and then proceeds as described above. > <{ 

If the Match Count 315 is equal to the specified --required count N 308; the Processor 310 
asserts the Locked signal 312 and the Start of Packet signal 322. Upon receipt; of the asserted 

5 Locked signal 3 12, subsequent processes (not shown) are informed, that synchronization has 
been achieved, the Start of Packet signal 322 delineates the output stream into packets by 
being asserted at the start of each 1 subsequent packet. Since =the Compare Unit Counter 
commenced counting when the first of this sequence of pattern matches occurred, each 
subsequent Next Packet signal from this modulo counter will coincide with the start of each 

10 subsequent packet.* The Start of Packet signal 322 will; therefore, be asserted at each 
occurrence of the Next Packet signal 316. 

The Processor^ having" achieved Lock state, Will continue to assert the Stan of Packet signal 
322 at the determined start of each- packet until it receives a Sync Lost signal 323, indicating 
that synchronization has been lbst and the entire process , as described above , * must be 
15 repeated This Sync Lost signal is typically generated from a communications controller, 
dependent upon information 'received from" this, and other processes. For example, the • 
communications controlled 'nMy ;: a^8rt'-this'-'signaI' upon ^processor 310 deasserting the Locked 
signai 312 At each occurrence of the start of packet, as delineated by the Next Packet 3.16 
signal, the Compare Unit should contain the sync-pattern,: and ; the Sync-Pattern Detected 304 
20 signal should be asserted. If it is not asserted i ; this is an indication of either the loss of 

synchronization, or ah error in the contents' of- the Compare Unit. The Locked signal 3.12 is 
deasserted when M 318 sequential absences ; of the : sync pattern at the start of packet occur. 
M is chosen to be high enough to ; mihimize ; the' probability that these absences were caused 
by random errors in the received Compare Units. Typically, M 318 is significantly less than 
25 N 308, in the order of 3 to 10. When the Locked signal is deasserted, the processor 310 
will typically recommence the synchronization' process, described above; alternatively, the 
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aforementioned communications controller, not shown, may. assert .the Sync Lost signal 323 
to force the synchronization process to be repeated. . . 
Note that whenever Locked 3 12 -is deasserted, the subsequent processes .(not shown) are 
inhibited from processing the Output Stream 311. Note also that entire synchronization 

5 process is restarted whenever an erroneous sync-byte is received, during the synchronization 
process, and whenever it is. determined, by receipt of a non sync-pattern, that the prior sync- 
patterns acted upon were sync-byte emulations. The amount of time required for the 
synchronization process, in. the presence of sync-byte emulation or erroneous, sync-bytes, is 
non-determinable using this traditional, method. Even with reasonable assumptions regarding 

10 the likelihood of sync-byte emulation and erroneous sync-bytes, the. time required to perform 
the synchronization process cannot be definitively stated. . 

Further compounding the required time to achieve synchronization in the traditional method 
is the choice of N, the number of sequential occurrences of Ae f synchronizption pattern ^ 
required to assert synchronization lock. N is selected to provide sufficient confidence that the 

15 determined sync byte location is the- true sync byte location,, base£ on, the unlikelihood that a 
data byte would contain N sequential occurrences, of, the syncTpattern,(i,.e. N sequential sync- 
byte emulations). Choosing a high N increases. this confidence, .but also increases the time, 
and data lost during the synchronization process. Ideally., if, during synchronization, one 
noted that the sync pattern appeared extremely .rarely. It would be reasonable to declare lock 

20 as soon as a few. sequential occurrences. (of this.rare. event) at one location, were noted. If, on 
the other hand, one noted that the sync- pattern appeared very, frequently in the input stream 
during synchronization, it would be reasonable to postpone declaring lock until a significant 
number of sequential occurrences at one location were .noted.. Because the actual occurrences 
of sync patterns is unknown at the time the system, is designed, N is selected to account for 

25 the latter case, and therefore is often set to be much higher than would be necessary if the 
actual occurrences of sync patterns were known. That is, to maximize the likelihood of 
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finding the true sync-'byte in the presence of sync-byte emulation and erroneous sync-bytes, 
the traditional method' imposes the worst case requirements on the system/ independent of the 
actual occurrences of sync-byte emulation and erroneous syric-bytes during the 
synchronization process. 
5 A preferred embodiment of the present inventionis shown in FIG. 4. As shown, the ; 
preferred embodiment has similar components to the traditional method. The Input Stream 
301 is delineated into Data Units' 305 by the Input Clock at the Data Register 308. The Data 
Unit 305, of a subset of it, forms the Compare Unit 305a. A Comparator 307 compares each 
Compare Unit 305a with the Sync-Pattern 303, and asserts the Sync-Pattern Detected signal 
10 304 whenever the Compare Unit contains the sync-pattern. The Compare Clock 306 is input 
to the Compare Unit Modulo K Counter 309; which contains the count of' the number of 
Compare Clock signals received', modulo the number of compare units per packet. As a 
modulo counter, the count will range frorn 0 to the number of compare units per packet 
minus one. The count contained in the Compare Unit Modulo K Counter 309 will be output 
15 as the Address 403 . 

The Match Table' 411 consists of K entries, each of which is accessed by the Address 403. 
That is, the Match Count 315 corresponds to the contents of Match table 411 at the Address 
403 determined by the Compare Unit Modulo K Counter 309. The Processor 410 can read 
the Match Count 315 from the Match Table 411, and can also modify the Match Count 315 
20 and write it back' into the Match Table '4 1 1 '. All such read and write operations only affect ' 
the contents of the Match Table 41 1 at the Address 403 determined by the Compare Unit 
Modulo K Counter 309. " \ 

Upon initialization, the Processor 410 will" assert the Match Reset 314 to reset the contents of 
all entries in the Match Table 4 li to zero. It will also deassert the Locked signal 312 and the 
25 Start of Packet signal 322. ' - 

At each occurrence of the Compare Clock 306, the Processor 410 will increment the Match 
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Count 315 if the .Sync-Pattern Detected signal 304 is asserted by ? 'the Comparator 307. If the 
Sync-Pattern Detected signal 304 is not asserted, the Match Count 315 will be reset to zero. 
The new Match Count ^3 15 will be written j:o the. Match. Table 411; the affected entry in the 
Match Table 411 will be the one addressed by the Address 403 determined by the Compare 

5 Unit Modulo K Counter 309. Since the Compare Unit Modulo K Counter 309 has a modulus 
equal to the number of Compare. Units per packet, .each Compare Unit within a packet 
length will have a unique match count, corresponding to a unique Address 403. Thus, the 
each entry of the Match Table 411 will contain a running total of the number of sequential 
sync-patterns detected at each. Compare Unit location within one packet lengtli of the 

10 received signal, from the time the Match Table 411 was reset. 

As stated above, the Match Count 315 will be reset to zero if, the Sync-Pattern Detected 
signal 304 is not asserted. Alternatively,, the Match Count ^15 could be left unmodified, 
resulting then in the Match Table 411 containing the number of . sync-patterns detected, 
independent of intervening non sync-patterns. This alternative would have significant 

15 advantages over the traditional method by minimizing the effect of erroneous sync-bytes. In 
the traditional method, the synchronization process js repeated in its entirety whenever^an . 
erroneous sync-byte, is detected; by employ ing this alternative method, the occurrence of an. 
erroneous sync-byte merely results in one r extra, packet being, required to achieve 

synchronization. / . «. . : \ - v ; 

20 The Processor 410 will continue to apply the above process for each Compare Unit 305a 
received, as delineated by the Compare Clock 306, until the Locked signal 312 can be 
asserted. The Processor 410 will assert the Locked signal 312 in dependence upon the 
contents of the Match Table 411. A number of .alternative algorithms can be employed, as 
will be later presented.. In the simplest embodiment of this invention, corresponding to the 

25 traditional method previously discussed, the Locked signal 312 will be asserted whenever the 
Match Count 315 is equal to N.308. At this same time, the Address Load signal 419 will be 
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asserted td stori the current' Address 403; i.e! -Address Register 420 will contain the Sync 
Address 423, the address corresponding to the Compare Unit location which achieved the N 
sequential 'matches'.' Thereafter; whenever the Address 403 from the Compare Unit Modulo K 
Counter 309 equals the Sync' Address 423, the Start of Packet signal will be asserted, thereby 
5 delineating the Output Stream 311 into packets. 

FIG. 5 demonstrates the operation of the device for processing of a sync-byte framed 
bitstream, as described in FIG 1, supra. The bitstream consists of a series of Bytes 100, 
including Sync Bytes 102, Sync-byte Emulations 105, and Erroneous Sync-bytes 106. Bytes 
within a packet are indexed by their packet byte index 103, which is the individual byte's 
10 location relative to the preceding sync-byte. Each sync-byte 102 has a- byte index of 0. Also 
shown is an exemplary Count Index 509, which corresponds to the output of the Modulo R 
counter 309. This Count Index 509 is also used as the index to the Match Table 41 1, 
equivalent to the Address' 403 hi FIG. 4. The contents of the Match Table 411 are shown . 
diagrammatically over time, where time is' measured by compare unit intervals.. The initial 
15 contents of the Match Table 411 are shown at 500; the contents of the Match Table 411 after 
one packet interval of time are shown at 501; after two packets of timeias 502. 
The process is shown starting' in the'iniddle of a packet, when a byte with a byte index 103 
of four is received 510. this' bytelhdex of four corresponds to the starting Count Index 509 
of zero. Since the Modulo K Counter 309 has the same count length as the packet length, 
20 every subsequent occurrence of a byte with an byte index of four will have a corresponding 
Count Index of zero. Note that before synchronization is achieved, the actual byte index is 
unknown; the synchronization process is the determination of which count index corresponds 
to byte index o', the sync-byte. Thereafter, the start of 'the packet will be identified to be 
whenever the count index (corresponding to Address 403 in FIG. 4) is equal to this 
25 determined sync-byte index (corresponding to the contents of Address Register 420 in FIG. 
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At each occurrence of a compare unit which contains the .sync-pattern,, i.e. a sync-byte or a 
sync-byte emulation, the contents of the entry corresponding to the cpunt index. 509 is 
incremented. After the receipt of the first six bytes, one packet length, the contents of the 
Match Table 411 are. shown at 501. One sync pattern was detected when th? Count .Index 

5 509 was one, one sync pattern was detected when the Count Index 509 was two, and one 
sync pattern was detected .when the. Cpunt Index 509 was five. At each occurrence of a 
compare unit which does not contain the sync-pattern, the contents pf the entry corresponding 
to the count index 509 is set to 0 in figure 5, as shown at 520. The contents of the Match 
Table 411 will be updated as shown, until one of the : match table entries; achieve a specified 

10 value, N, in this example, six. . When an entry in the Match Table achieves the value of six, 
as shown at 530, the Lock state is asserted, and the count index corresponding to this entry, 
in this example, a count index: of two, is determined to be the sync-byte location within the 
packet. Thereafter, the packet start is asserted, each time, the count index is two. 
FIG. 6 shows the same bitstream and process, except that.th^ occurrence of a compare unit 

15 which does riot contain a sync r pattern 620 does not affect t the- contents of the Match Table 
411. As shown, this alternative; algorithm, can achieye.^ock state sooner, as the presence of 
an erroneous sync byte 106 does not reset ; the Match Xajble ,entry : 622 to zero, which* thereby 
allows the Match Table entry corresponding to the sync T b^e r 630 to achieve the value of six 

sooner. • . . f ,-v- ,: : . . . 

20 Note that .the relation of the Data Unit, the Compare Unit,, the Compare Clock, and the 
number of Compare Units per packet are dependent upon .the forjn and. format of the 
incoming Input Stream. In most cases, the gpmpare Unit will be equal in size to the Data 
Unit, and the entire Data Unit is compared. to r .the. sync pattern. The Compare Clock will be 
asserted whenever a new unit is. available -tp.be compared. Tf the Input Stream has been 

25 delineated into Compare Units by a preceding process, the Compare Clock will mark this 
delineation. That is, for example, if the Input Stream has been delineated into eight-bit 
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bytes, the Compare Clock will be asserted upon each occurrence of suchtbytes.:. In this 
case, the 1 number of Compare Units per packet would be equal to the, number of bytes in the 
packet. Often, however, the size of the Compare Unit is specified and known, but the 
starting bit of each Compare Unit is not known. In this case, the Compare Clock 306 would 

5 be asserted upon the' occurrence: of each bit in the Input Stream 301, and the Compare Unit 
305a would be formed by the Data Register 308 as a moving window on the Input Stream 
301. The size of the window would be the number of bits per Compare Unit, and the 
Compare Clock would mark the movement of this window by one bit location in the Input 
Stream. Thus, the number of possible Compare Units per packet would be equal to the 

10 number of bits in a picket divided by the number of bits per Compare Clock, in this case 
one. In this case,- then, the number of Compare Units per Packet would equal the number of 
bits per Packet, independent of the size of the Data Unit or the Compare Unit. 
The Comparator 307 will compare the current Compare Unit 305a with the Sync-Pattern 
303, and assert* the Sync-Pattern Detected signal 304 when there is a match. Note, that, in 

15 the general case wherein the Compare Clock 306 does not necessarily delineate the start -of a 
Data Unit 305, the comparison will be performed on the aforementioned window of bits in 
the Input Stream 301 as formed by the Data Register 308. Note also that in the general case, 
the size of the Data Unit heed* not be the same as, the; size of rthe sync^.pattern. The 
Comparator 307 is designed to compare whichever bits are specified in the format of the 

20 communication protocol to the specified sync-pattern. That is, for example, the Data Unit 
may be specified as a sixteen bit word, while the sync pattern is specified to ; be located in the 
last five bits of the first word in the packet. ' In such a case, the Data Register 308 would be 
designed to provide a sixteen bit Data Unit 305,/and the Comparator 307 would compare the 
last five bits of the Data Unit 305 with the Sync-Pattern 303, and ignore the other bits- in the 

25 Data Unit 305. These last five bits of the Data Unit 305 form the Compare Unit 305a. The 
Sync-Pattern Detected signal 304 would be asserted by the Comparator 307 when the 
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specified bits matched. * . . * , t. ' \ . : ; ' .- -> .:k - 

It is apparent that . this .embodiment offers a significant advantage < oyer ; the traditional: method 
previously described. As* described, this embodiment achieves the., Lock- state* in a time equal 
to or less than the traditional method. .If the first Compare Unit which matched the sync- 
5 pattern in the traditional method was the true sync-byte; and no erroneous sync-bytes occur, 
the traditional method and this embodiment will achieve the Lock state in equal time. In all 
other cases, e.g. wherein the first matched Compare Unit is a. sync-byte emulation, the 
traditional method will require a longer time, and hence discard more data, than this 
embodiment of the present invention. - .->.-. 

10 Further, this invention can be modified to. offer other advantages as .well. As will be shown, 
this method can be parameterized to always result in a locked, state upon receipt of N 
packets. Alternately, it can be parameterized to maximize the likelihood of finding the true 
sync-byte, with minimal synchronization time, in response to the actual occurrences of sync- 
byte emulation and erroneous sync-bytes during the particular synchronization period. > 
15 Additionally^ this invention can.be employed predictively,. to begin; the synchronization 

process whenever lack of synchronization is suspected, thereby .saying- time, and lost data, *. 
when ^synchronization is required. * ., ^3: • ^ r 

A number of alternative algorithms can be employed jn the Processor* 410 to determine when 
to assert the Locked 312 and Start of Packet 322 signals --.depending upon the criteria 
20 required for a particular application. > For each, of the; following algorithmic, descriptions, the 
initial conditions are as follows: the Start of Packet 322, and. Locked 3 12' signals are 
deasserted, and all entries in the Match Table=411 contain zero. Also, throughout the 
operation of the algorithm, a change to the Match Count 3 15 by the Processor 410 will be 
effected in the entry in the Match Table 411 .addressed <by the Address 403. 
25 If the criteria for this invention is- the ability to achieve reliable synchronization in exactly N 
packet lengths, a criteria which is infeasible using the traditional method, the operation of 
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Processor 410 can be "specified as follows. Upon the occurrence of each Compare Clock 
306, the Matcli Count 315 \vill be incremented by one if the Sync-Pattern Detected signal is 
asserted, otherwise the Kiatch Count 315 will remain as is. The Address-Load signal 419 
will be asserted whenever the current Match Count is greater than all other Match Counts 

5 thus far encountered; in so doing, the 1 Address Register 420 will contain the Address 403 of 
the entry in the match table 411 which contains the highest number of matches to the sync- 
pattern thus far. While processing the Nth packet, as measured by the appropriate number of 
Compare Clock 306 occurrences, the Processor 410 will assert the Start of Packet 322 and 
the Locked 312 signals when the Address 403 is equal to the Sync- Address 423. That is, the 

10 Sync- Address is determined by the location containing the highest number of sync-pattern 
matches within N packet lengths. 

If the criteria for this invention is the ability to reliably achieve synchronization in as few - 
packet lengths as possible, in light of the actual occurrence of sync-byte emulations, the 
operation of Processor 410 ckn be specified as follows. Upon the occurrence of each 1 

15 Compare Clock 306, the Match Count 315 will be incremented by one if the Sync-Pattern 
Detected signal is asserted, otherwise the Matclv Count 315 will remain as is. The Processor 
410 will assert Addres^Load signal 419, the Start of Packet 322, and the Locked 312 
signals whenever the current Match Count 3 1 5 is at least N greater than all other entries in 
the Match Table 411. In so doing, !: tiie Processor 410 will hot determine that synchronization 

20 has been achieved until the sync-pattern is observed to occur at one location much more 
often than any other, as measured by N. Thus, in an environment with frequent sync-byte 
emulations, the synchronization will take longer, but it will result in a more reliable . 
determination that the correct sync-byte has been located than either , of the above algorithms 
or the traditional method. In an environment with infrequent sync-byte emulations, 

25 synchronization will be achieved more quickly. Thus, this algorithm can be said to 

dynamically adjust its synchronization time in response to the occurrence of sync-byte . 
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emulations to achieve optimal performance for a given degree. of reliability.^ ... 
Features of these, algorithms can be combined. For example, the preceding.algorithm was 
optimized for sync-byte emulations, with little regard to eiyoneous. sync-bytes.. This algorithm 
could be modified to -be more sensitive to erroneous sync-bytes, by having it .reset the match 
5 table entry to zero whenever a non-sync. pattern. is encountered. In the presence of erroneous 
sync-bytes, this algorithm would consume more time; but if an erroneous sync-byte does not 
occur, it would consume significantly less time, because the effects of sync-byte emulations 
appearing at each other location would be cancelled upon receipt of the next non-sync pattern 
at that location. In effect, this modified algorithm has as its. criteria the occurrence of N 
10 more sequential occurrences of the sync pattern at one location than at any^ other location. 
In each of the algorithms, the value N is selected to provide the confidence^ required to 
reliably assert the identification of the start of packet in the presence of sync byte emulations 
and erroneous sync bytes. For the same level of confidence, the N of each algorithm is ^ 
different than that of the other algorithms K because e^ch algorithm provides a. different 
15 measure of confidence. For example, the choice of -N. in,,the immediately preceding algorithm 
can.be made smaller than the N chosen in the traditional method, yet still achieve the same 
level of confidence in the resultant determination. This is r because the. traditional method; 
doesn't consider .the information provided by the occurrericepr non-occurrence of the sync 
pattern at the other locations. This is information which conyeys confidence that they are not 
20 the sync location, which could be used, and is used by this invention, to increase the 
confidence in the one which is at the true sync location. 

The algorithms employed to determine when synchronization is achieved, based upon the 
histogram of the occurrence and/or non-occurrence of the sync-pattern, at all possible sync- 
byte locations in* the packet, ,as provided for by this. invention, is not limited to the above 
25 exemplary criteria. The parameter N can be- employed in many ways; for example, by 

requiring that one location be found to contain the sync-pattern N times as often as any other 
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locatioh^ ^ ^Si^hila^iy^ thd Match Table can be used to contain a running average, of ; 
occurrences of the" sync-pattern over a given number of packets, and this average could be 
used as the criteria for concluding that synchronization has been achieved, as well as 
determining when synchronization is lost, as will be described below. Any number of 

5 statistical tests i based on the frequency of occurrence or non-occurrence of a phenomenon, 
such as the Binomial Test, : the Chi-Square Test,' the Sequential Probability Ratio Test, etc. 
may be used in the current invention for concluding that synchronization has been achieved. 
The Processor 410 in FIG. 4 also includes means for determining loss of synchronization. A 
loss of synchronization is characterized by the location of the sync-byte changing, relative to 

10 the location determined when synchronization was; established. That is,, the receiving system 
will mistakenly identify a non sync-byte as the sync-byte. This misidentification is avoidable 
by comparing the contents of the determined sync-byte location to assure that the sync 
pattern is present. However; the receipt of one sync-byte not containing the sync-pattern is 
not necessarily suff icient to , declare the system out of synchronization or to incur the loss of 

15 time and data to reestablish communication. The single missing sync-pattern could have 

been caused by an erroneous sync byte;- that is, the identification of the location of the sync- 
byte was proper, but the particular sync-byte had erroneous, contents. Repeated missing 
sync-patterns, particularly sequentially ^dbes provide sufficient cause for determining that , 
synchronization has been lost, ^ v - ^ ' < • ^ ■ ■ . r 

20 Upon synchronization, Sync-Address 423 contains the determined location of the sync-byte. 
Whenever Address 403 is equal to this Syne- Address 423, the Data Unit 305 should contain 
the sync-pattern, resulting in the Comparator 307 asserting the Sync-Pattern Detected signal 
304. The Processor 410 will initiate a preliminaiy. resynchronization process if the Sync- - 
Pattern Detected signal 304 is not : asserted when Address 403 is equal to the Sync- Address 

25 423. In the preferred embodiment, the following algorithm will be employed. Upon 

occurrence of the first non-match at the Sync- Address, the entire Match Table 411 will be 
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reset to zero, and. the Match Count 315 will be incremented to one:. For all 7 subsequent 
occurrences of the Compare Clock 306, the Match Count 315, will, be incremented whenever 
the Sync-Pattern Detected signal 304 is asserted and the -Address 403 is not equal to the 
Sy nc- Address 423. . . — . v.,. 

5 If the Sync-Pattern Detected signal 304 is not asserted, the Match Count ,3 15 is either left as 
is or reset to zero, consistent with the selected synchronization method described above, for 
those occurrences when the Address 403 is not equal to the Sync^ Address 423. 
If the Address 403 is equal to the Sync- Address, and the r Sync-Pattern .Detected signal 304_is 
not asserted, the Match Count 315 will be incremented. In so doing, the entry in the Match 
10 Table 411 at the Address 403 corresponding to the Sync-Address 423 .will contain the 

number of times the^ determined, sync-byte location did not contain the, sync-pattern. If this 
Match Count 315 is equal to M 318, the Processor 410 desserts t the Locked signal 312,. and 
resets the Match Count 315 to zero. The Processor 410 continues to operate as. described 
above until the M non-matches, occur, or the ^synchronization process is terminated- as 

15 discussed below. ' . ? 

If, prior to the occurrence of M non^matches at the. sync .-address location, the Address 403 is 
equal to the Sync- Address, and the Sync-Pattern Detected- signal 304. is asserted, the^ . 
Processor 410 will terminate this preliminary resynchroni^ation process, and resume- its 
normal operation. It will continue to check for the assertion of the Sync-Pattern Detected 
20 signal 304 each subsequent time thau the Address. 403 is equal .to the Sync- Address 423 and 
reenter this preliminary resynchronization process, as described above. 
If M non-matches occur, the Processor reinitializes the synchronization process, with the 
exception that the entries in the Match Table-^lI are not reset to zero.. In so doing, the. 
histogram of the occurrences of the sync-pattern- at each location during the previous M- 
25 packets is preserved. The synchronization process will thus require. M fewer packets than if 
the Match Table 411 had been reset to zero. - . 



FIG. 7 sli6\Vs th6 ; State Diigrarn for the exemplary system. The system initially starts in the 
Reset State 701. 'Upon receipt of a Compare Unit, the system enters the Sync State 702, 
wherein each Compare Unit is compared to the syric-pattern to , create a 'histogram of the 
occurrence of the syrib^pattern at each possible location within one packet length. It remains 
5 in this Sync State 702 until the sync-pattern is found at the same location N times, at which 
time it enters the Lock State 703? The location at which the N occurrences of the sync- 
pattern were noted is determined to be the sync-byte location'. The system remains in the 
Lock State 703 until a sync error, the occurrence of a non sync-pattern in the determined 
sync-byte location, is detected, at which time it enters the Resync State 704. In the Resync 
10 State 704, each Compare Unit is compared to the sync-pattern to create a histogram of the 
occurrence of the sync-pattern at each non sync-byte location, and the /occurrence of 
sequential non-sync patterns at the sync : byte location. If the Compare Unit corresponding to 
the sync-byte location is found to contain the sync-pattern, before M non-sync patterns are 
found at this location, the system reenters the Lock state. If M sequential non-sync patterns 
15 occur at the sync-byte location, ttife system reenters the Sync state 702, retaining the 
histogram of sync-pattern occurrences in the non sync-byte locations. ■ 
The ^synchronization process as described in this invention offers significant advantages to 
traditional methods: In accordance 'with this invention, the first occurrence of the absence of 
the sync-pattern in the sync-byte is used as a predictor that loss of synchronization may be 
20 forthcoming. If the sync-pattern is found in a subsequent sync-byte, the prediction is 

ignored. If, however, it is determined that synchronization has been lost, by the occurrence 
of M successive absences of the sync-pattern in the sync-byte, the synchronization process is 
commenced, but the time required to reestablish synchronization will be equivalent to having 
started the process when the first absence of the "sync-pattern was detected. 
25 As with the choice of algorithms for the synchronization process, there are numerous 

algorithms which can be employed to determine a loss of sync, or a predictor to the loss of 
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sync. For example,. the contents of the Match Table m$y ,he a. running av^g? of the 
number of occurrences of the sync-pattern at each location over : a ; given number of packets, 
and the predictor foraoss-pf sync could be the sync-byte, location's entry falling below some 
value, and the loss of sync determination being some other location;?, entry exceeding the 
5 sync-byte location's entry. • . • _. v , /• ; 

It is appreciated by those skilled, in the art that this invention could be embpdied in software 
or as . a combination of hardware- and software. The processor 410. could .contain all the 
elements shown as discrete elements in FIG. 4; a state machine or other controller could 
perform the operation of the processor; and other such transformations are feasible. The 
10 software could be embedded as firmware in a processor, and may a part .of a larger system 
for receiving and processing streams of packets. This software may also bp embodied as 
subroutines, or as a software object, or objects, in an objept-oriented framework. , 
FIG. 8 contains the flowcharts for a preferred embodiment of this, invention, wherein each of 
the processes could be performed by hardware, software, _or. a combination of both. . „ v 
15 FIG. 8a shows the overall flow. The process starts 801, with the receipt of a Compare Unit. 
This may be via an explicit call from a higher level routinp;,.pr.upon receipt of a message in 
an event driven or., object oriented vimplementation; , pr upon .t^e,. receipt of a clock signal to.,a 
hardware element. Upon receipt of the Compare ;Unit r U\e .histogram, is updated 802, and the 
contents of the histogram are assessed to determine whether, sync, has been achieved 803. 
20 The results of this assessment is returned 804 as.the state. of _ the process, ,The state contains 
information pertinent to the other parts of the communication system, such as whether sync 
has been achieved, lost, or suspected, and the location of the sync-byte. 
Process 802 is further detailed in FIG. 8b. Theindex to the. histogram is updated 811 by 
incrementing its prior value by one and resetting; it , to .zerq, when. it equals the number of 
25 compare units per packet, i.e. block 811 performs a modulo. counter operation. The entry 
corresponding to this index in the histogram js updated 812 in accordance with the selected 
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algorithm. If the selected algorithm requires the histogram to contain the. number of 
successive occurrences of* the '"sync pattern at this index, the entry will be incremented if the 
Compare' Unit contains the sync pattern and reset to zero if it does not contain the sync * 
pattern. If the selected algorithm requires the histogram to contain the total number of 
occurrences 1 of the sync pattern, the entry will be incremented if the Compare Unit contains 



the sync pattern and left as is if it does not. Alternative algorithms, as discussed previously, 
may require the histogram entry to contain a running average, or other measure associated 
with the occurrence or non occurrence of the sync pattern, and the process 812 would be 
modified accordingly. The resultant updated histogram is thereafter returned 813. Note 

10 that, consistent with well accepted programming practices, process 802 may also be provided 
with information concerning the state of the overall process, r and the updating processes 811 
and 812 may be made to be dependent on such information. Inan exemplary system, if the 
system has achieved locked state, for example, the histogram update process 812 will not 
change the entries in the histogram; Whereas, if the selected algorithm requires a continuous 

15 running average, the histogram update process 812 would continue, even while the system is 
in the locked state, to compute the -average number of occurrences of the sync pattern for 
each index and changie the entries accordingly: 

FIG. 8c provides detail for process 812 in the exemplary system. The decision block 821 
determines the state of the system. If the state is the sync state; the compare unit is compared 

20 to the sync pattern in 823; if the sync pattern i£ contained in the compare unit, the histogram 
entry for this index number is incremented by one r 826. If the system is in the resync state, 
the index is compared to that of the sync byte in 824; . if it is aot the sync byte index, the 
compare unit is compared to the sync pattern in 823,: and the entry is incremented in 826 if 
the sync pattern is contained in the compare unit: If the index is that of the sync byte, in 

25 824, then the compare unit is compared to the sync pattern in 825, and the entry is 

incremented in 826 if the sync pattern is not contained in the compare unit. Upon completion 



BNSDOCID: <WO 9818233A1. I .> 



" WO 98/18233^1 23 p 9?ffl^. 1051 

of the steps above,. the process returns 827. :. ... ■ _- ; s : - . \- ;: ..... . . .-; 

Process 803 is the embodiment of the algorithm selected to be employed, to determine 
synchronization. An exemplary algorithm is detailed- in -FIG. 8d, The deejskm block 831 
transfers the control flow depending upon the state of the process, If the state is the reset 
5 state, the histogram- is cleared in 822, and the state is changed to. the sync, state in 832. The . 
change of state in 832 then-allows the system to ..begin the . synchronization process upon 
receipt of the next compare unit. • -.. . . . _ . . .. 

If the state,, as determined in 83.1, is the locked state, the index is compared to the sync byte 
index in 833. If the index is that of the sync byte, the compare unit is compared to the sync 
10 pattern in 834. .If the sync pattern is not-contained in the compare unit, the. preliminary 
^synchronization process. commences: the histogram, is cleared- 835;. the histogram entry 
corresponding to the sync byte index is set to one 836, indicating one, missing sync pattern 
encountered thus far; and the system state, is changed to the resyne state 837.. ? , 
If the state, as determined in 831,. is the sync -state, the.curren^histograrn entry, as indicated 
15 by the index, is compared to N. in 838. As previously discussed, N is the.parameter chosen 
as the criteria for determining whether synchronization has. been achieved . If the criteria Jias 
been reached, the index is saved as the sync byte jindex. : 839., i and the locked. state is asserted 

If the state, as determined in 831, is the resyne state, the; index is compared to the sync byte 
20 index in 841 . If the index is that of the sync byte,. the compare unit is compared to the sync 
pattern in 845. If the compare unit contains the sync. pattern, the locked state is reasserted 
840. If the compare unit does not contain the : sync pattern, the histogram .entry at this index 
is compared to M in 842. As previously discussed,; ,M is the. parameter, chosen as the criteria 
for determining that synchronization has been. lost-. :; If the criteria has been reached, the sync 
25 state is asserted 843, and. the histogram entry at this index is reset to zero 844. Note that the 
other entries in the histogram are not affected, thereby saving the histogram information 
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which was accumulated while in the resync state, which will result in a shorter time spent in 
the sync state. 

Upon completion of the above, the process returns 847. 

The above represents the exemplary embodiment. Alternative algorithms can easily be 
5 embodied by one skilled in the art. If, as discussed, the criteria requires that the histogram 
contain the number of sequential occurrences of the sync pattern, a single step which sets the 
entry to zero can be inserted in the No branch from decision block 823. As another 
example, the decision block 838 could compare the entry to all other entries in the table, if 
the algorithm is one which determines that synchronization is achieved whenever one entry 
10 exceeds all others by N. Or, decision block 838 could compare the entry to some criteria 
established through the use of statistical tests, as discussed above. Similarly, the alternative 
criteria for determining Toss of synchronization can be embodied by changing the decision 
block 842. Note also that a separate variable could have been assigned to contain the number 
of sequential non sync-patterns occurring at the sync-byte index, for subsequent comparison 
15 to M, and the histograrh at the sync-byte index could contain the number of sync-patterns 
occurring, consistent With the other histogram indices; 

The foregoing merely 1 illustrates the principles of the invention. It will thus be appreciated 
that those skilled in the art will be able to devise various arrangements which, although not 
explicitly described or shown' herein, embody the principles of the invention and are thus 
20 within its spirit aiid scope. ' ' - i: : ' ' * ~ 
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Claims: 



1. A method of synchronizing the reception of a series of packets in a 
bitstream, said packets each having a predetermined length , and being delineated by a 
predefined synchronization pattern, said method comprising the steps of: ... 

accumulating a histogram of occurrences of said synchronization pattern within. 
5 said packets; and . - ■ ^ - 

identifying the start of subsequent packets depending upon said histogram. 

2. A method as claimed in Claim 1, .further comprising the, steps of: 
delineating groupings of bits within sai^ packet within which the 

synchronization pattern may appear; .,. * - A 

10 identifying each of said groupings within a,packet } by tl a uniquegroup index; 

wherein said accumulating step comprises the. step, of counting, the number of 
times, said synchronization pattern occurs at each indexed grouping of bits \yithin said 

packets. , ; .... • ,.; ■ ,/ t .-.r .. 

3. . : A method as clainied in. claim 2, .comprising the step, offsetting, said t 
15 number of occurrences to zero when the synchronization pattern does not occur within a 

grouping of bits. 

4. A method as claimed in Claim 2, wherein said step of identifying the start 
of subsequent packets comprises the steps of: 

identifying one of said group indices as a sync-byte index based upon the 
20 contents of said histogram; and 

identifying the start of each packet whenever the group index is equal to said 
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sync-byte index. . ... ; • > 

5. V ( A method as claimed in Claim 2, wherein said, identification of a sync- 
byte index comprises a statistical test on the contents of said histogram. , 

6. A method as claimed in Claim 2, wherein said identification of a sync- 
5 byte index comprises the identification of the group index corresponding to a specified 

number of occurrences of the synchronization pattern in said histogram. 

7. A method as claimed in Claim 2, wherein said identification of a sync- 
byte index comprises the identification of the group index corresponding to the number of 
occurrences of the synchronization pattern which is substantially larger than the number of 

10 occurrences of the synchronization pattern at any other group index in said histogram. 

8. r-i A device for synchronizing the reception, of a series of packets in a 
bitstream, said packets each having a predetermined length and being delineated by a 
predefined synchronization- pattern, said device comprising: 

means for accumulating a histogram of occurrences of said synchronization 
15 pattern within said packets; .and . ^ 

means for identifying the start of subsequent packets depending upon said .. 
histogram. - v - : * • • . ; 

9. A device as claimed in Claim 8, further comprising: , . 
means for delineating/groupings of bits within said packet within which the 

20 synchronization pattern may appear; ^ : : 
means for identifying each of said groupings by a grouping index; 
wherein said accumulating means comprises means for counting the number of 
times said synchronization pattern appeared- at e a? h indexed grouping within said packets. 

10. A device as claimed in Claim 9, wherein said means for identifying the 
25 start of subsequent packets comprises means tq identify a sync-byte index as one of said 

group indices, and wherein the start of each packet is identified at. each occurrence of the . 
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grouping whose group index is equal to the sync-byte index. ; . 

U A method of determining the loss of synchronization in the reception of a 

series of packets in a bitstream, said packets each having .a predetermined; length and being 
delineated by a predefined synchronization pattern, and said delineation being marked by a * 
5 start of packet signal, the method comprising the- steps of: . r ': v 

accumulating a histogram of occurrences of said synchronization pattern within 

said packets; and, ' 

identifying an erroneous occurrence of said start of packet signal depending 

upon said histogram.' 

10 12. A device for synchronizing the reception of a series ; of packets in a 

bitstream, said packets each having a predetermined length and being delineated by a 
predefined synchronization pattern, said device comprising: . * : 

means for accumulating a histogram of occurrences and non-occurrences of.said 
synchronization pattern within said packets; ■ ; .".*?.■:* 

15 means for identifying the start of subsequent packets depending upon, said 

histogram; and, 1 * r^i-;- 

means for identifying the erroneous identification of said start of subsequent 
packets depending upon said histogram. r y ■.v*.- ' ? 

13. ' An object-oriented synchronization object for. implement 

20 computer in an object-oriented framework comprising: • . 

a histogram update object for; accumulating the number of occurrences of a 
predefined pattern within a data stream, : and " ' " . > 

: a histogram assessment object Tor determining synchronization dependent upon 
the contents "of said histogram. " • :tt: 
25 14. ' A decoder for decoding an MPEG2 transport stream comprising packets 

each having a predetermined length and being delineated by a predefined synchronization 
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pattern, characterised in that the decoder comprising a device as claimed in claim 8 for 
synchronizing the reception of said packets. 
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